Nanotechnology is providing a new set of tools to the engineering community to create nanoscale components that are able to perform simple specific tasks, such as computing, data storing, sensing, and actuation. Integrating several of these nanocomponents into a single device just a few cubic micrometers in size will enable the development of more advanced nanodevices. By exchanging information, such nano-devices will be able to achieve complex tasks in a distributed manner. 1 The resulting nanonetworks will enable unique applications in the biomedical, industrial, and military fields, such as advanced health monitoring systems, nanosensor networks for biological and chemical attack prevention, and wireless network-on-chip systems for very large multicore computing architectures.
Figure 1. Conceptual design of a graphene-based plasmonic nanoantenna. EM wave: Electromagnetic wave. SPP Wave: Surface plasmon polariton wave.
(e.g., IR and optical frequency bands). In contrast, SPP waves on graphene have been observed at frequencies as low as in the terahertz band and, moreover, can easily be tuned by material doping.
We have recently proposed a graphene-based plasmonic nanoantenna for terahertz band communication among nanodevices 5, 6 (see Figure 1) . The nanoantenna is composed of a graphene nanoribbon (GNR, the active element), mounted over a metallic flat surface (the ground plane), with a dielectric material layer in between (to support the GNR as well as to change its chemical potential by material doping). To analyze the performance of the nanoantenna, we have developed an analytical framework by starting from the dynamic complex conductivity of GNRs. Contrary to existing studies, which use the conductivity of infinitely large graphene sheets, we take into account the impact of the lateral confinement of electrons in GNRs. 7 We first derived conditions for both transverse magnetic (TM) and transverse electric SPP wave modes to propagate on the GNR and obtained their complex propagation constant. The real part of the SPP propagation constant determines the propagation length or decay of the SPP wave, whereas the imaginary part determines the SPP wave propagation speed. This can be up to two orders of magnitude below the speed of light in a vacuum and varies with the GNR width and chemical potential.
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The plasmonic nanoantenna frequency response was obtained by modeling the graphene-based nanostructure as a resonant plasmonic cavity. From classical antenna theory, it is well known that the best radiating mode is the fundamental TM mode. However, to compute the fundamental resonant frequency of such a cavity, we need to take into account that the antenna supports only an SPP wave that propagates at a relatively low speed. As a result, the plasmonic nanoantenna resonant frequency is much lower than that of its metallic counterpart. For example, the fundamental resonant frequency of a 1 m-long and 10-100nm-wide antenna lies in the terahertz band between 0.1 and 10THz, depending on the specific GNR size and chemical potential.
Besides the nanoantenna, a nanotransceiver is needed to generate and process the signals that drive the nanoantenna. To this end, we have recently proposed a novel plasmonic nanotransceiver that is based on high-electron-mobility transistors, built with III-V semiconductor material, and enhanced with graphene 8, 9 (see Figure 2) . The proposed plasmonic nanotransceiver operates efficiently in the terahertz band, is sufficiently small, and is easily integrated with the nanoantenna.
In addition to the challenges of miniaturizing the device, enabling communication among nanodevices requires the development of new terahertz band channel models, novel physical layer solutions (e.g., information coding and modulation techniques), as well as networking protocols tailored to the peculiarities of nanonetworks. We have been working on these challenges for the last five years 10 and validated the performance of our solutions by simulation tools. We are now set to fabricate the proposed nanoantennas and nanotransceivers, implement our software solutions, and show the first physical prototypes within the next two years. 
